The validity of rodent tumor end points in assessing the potential hazards of chemical exposure to humans is a somewhat controversial but very important issue since most chemicals are classified as potentially hazardous to humans on the basis of long-term carcinogenesis studies in rodents. The ability to distinguish between genotoxic, cytotoxic, or receptor-mediated promotion effects of chemical treatment would aid in the interpretation of rodent carcinogenesis data. Activated oncogenes in spontaneously occurring and chemically induced rodent tumors were examined and compared as one approach to determine the mechanism by which chemical treatment caused an increased incidence of rodent tumors. Different patterns of activated oncogenes were found not only in spontaneous versus chemically induced mouse liver tumors but also in a variety of spontaneous rat tumors versus chemically induced rat lung tumors. In the absence of cytotoxic effects, it could be argued that the chemicals in question activated protooncogenes by a direct genotoxic mechanism. These results provided a basis for the analysis of activated oncogenes in spontaneous and chemically induced rodent tumors to provide information at a molecular level to aid in the extrapolation of rodent carcinogenesis data to human risk assessment.
Introduction
Several approaches have been used to identify environmental agents posing significant carcinogenic hazards to man. These include in vitro assays for mutagenesis and in vivo tumorigenicity assays. However, most chemicals are classified as potentially hazardous to humans on the basis of long-term carcinogenesis studies in rodents. While these rodent carcinogenesis studies are designed to mimic the route of human exposure in the environment or workplace, the dose of a given chemical is plicating factor in the interpretation of rodent carcinogenic data is the appearance of species-and strainspecific spontaneously occurring tumors in rodents that are used in the bioassays.
Increasing evidence suggests that a small set of cellular genes appear to be targets for genetic alterations that contribute to the neoplastic transformation of cells. These genes, termed protooncogenes, were initially discovered as the transduced oncogenes of acute transforming retroviruses (1) . Recent studies have established that protooncogenes can also be activated as oncogenes by mechanisms independent of retroviral involvement. These mechanisms include point mutations or gross DNA rearrangements such as translocations or gene amplifications (1, 2) . Protooncogenes appear to play a crucial role in normal cellular growth and/or differentiation since they are highly conserved in nature, being detected in species as divergent as yeast, Drosophila, and humans.
The activation of protooncogenes in spontaneous and chemically induced tumors has been studied in great detail during the past several years. The number of protooncogenes that must be activated in the mul- (8, 9) andl chemically induced (10) liver tumors showed oncogene activation in both beinign and malignant tumors. Southern blot analysis indicated a high incidlence of Ha-ras gene activation in both the spontaneous (9) and chemically induced (10) liver tumors. Activated Ki-ras genes were detected in the chemically indlucedl liver tumors but not in the spontaneous liver tumors (9, 10) . Also, raf oncogenes andl non-ras oncogenes were (letected in both the spontaneous an(l cheimically indluce(d liver tumors (9, 10) .
Oligonucleotide analysis indicated that all of the Haras oncogeines detected in spontaneous liver tumors were activated by point mutations in codon 61 whereas the Ha-ras oncogenes detected in the chemically induced liver tumors were activated by poinlt mutation at a number of different codons (10) . The detection and analysis of activated oncogenes in mouse liver tumors is summarized in Table 1 .
Activated Oncogenes in Tumors of the Fischer 344/N Rat
In contrast to the results obtained with the spontaneous mouse liver tumors, oncogenes detectable by transfection analysis were absent in 9 malignant and 20 benign spontaneous nonliver tumors of the Fischer 344/N rat. These tumors included 8 mammary adenomas or fibroadenomas, 5 testicular interstitial cell adenomas, 4 subcutaneous fibromas or fibroadenomas, 3 mononuclear cell leukemias, 2 fibrosarcomas, and a single adrenal pheochromocytoma, mammary adlenocarcinoma, pancreatic acinar adenoma, pancreatic islet cell adenoma, pituitary adenoma, splenic hemangiosarcoma, and prostatic adenocarcinoma (9) . I)NA transfection analysis of a series of rat luing tumors, generated in a recent long-term carcinogenesis stu(ly conducted by NTP, indlicated that 18 of 19 tumors contained detectable oncogenes. Southern blot and oligonucleotide analysis indicated that all of the rat lung tumors contained an activated Ki-ras gene with a GGT --(GAT mutation in codon 12 (1] 
